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Introduction {#sec005}
============

Epithelial tumors less commonly occur in the duodenum than in the stomach or large intestine. Recent progress in endoscopic technology has increased the detection rate of epithelial tumors arising in the duodenum \[[@pone.0174985.ref001]--[@pone.0174985.ref003]\]. To our knowledge, however, large studies of resected specimens are scant, and the clinicopathological characteristics of duodenal epithelial tumors remain a matter of debate.

Tumors differentiating into Brunner's glands have been reported in the duodenum \[[@pone.0174985.ref004]--[@pone.0174985.ref009]\]. Recently, many of these tumors have been found to be special tumors resembling pyloric gland-type (PG) tumors arising in the stomach. These tumors are characterized by the presence of a gastric mucin phenotype in superficial regions and hyperplasia of eosinophilic or clear mucous glands resembling pyloric glands in deep regions \[[@pone.0174985.ref010]\]. Some studies have reported that the presence of epithelial tumors with gastric features is associated with generative cell zones formed in Brunner's glands during the process of mucosal regeneration \[[@pone.0174985.ref011]--[@pone.0174985.ref013]\]. Recently, duodenal tumors, including advanced cancer, have been studied \[[@pone.0174985.ref014]\], but the early stage of tumorigenesis limited to intramucosal lesions remains poorly understood.

We therefore studied resected specimens of 110 adenomas and intramucosal carcinomas to investigate the clinicopathological characteristics of duodenal epithelial tumors thought to be relatively early stage. We focused on the characteristics of PG tumors.

Materials and methods {#sec006}
=====================

We studied adenomas or early carcinomas without invasion, selected from among duodenal epithelial tumors that were resected surgically or endoscopically in our hospital from January 1993 through June 2014. Only intramucosal lesions showing clear evidence of tumor atypia were studied. However, tumors arising in the papilla of Vater were excluded, in order not to include the tumors derived from a bile duct or pancreas. We studied 110 duodenal epithelial tumors from 101 patients that met the aforementioned conditions.

After confirming the age and sex of each patient and the location and macroscopic appearance of each tumor, all lesions were fixed in 10% formalin, longitudinally sliced into 2- to 3-mm segments, and embedded in paraffin. The paraffin-embedded specimens were then thinly sliced into 3- to 4-μm sections. The sections were stained with hematoxylin and eosin. Macroscopic appearance was classified as protruding (type I), flat (type IIa or IIb), or depression (type IIc or III). Maximum diameter was measured on the preparation as the tumor size. Immunohistochemical analyses were performed using primary antibodies against MUC5AC (CLH2; 1:50, Novocastra Laboratories, Newcastle upon Tyne, UK), MUC6 (CLH5; 1:50, Novocastra Laboratories), CD10 (56C6; 1:50, Novocastra Laboratories), MUC2 (Ccp58; 1:100, Novocastra Laboratories), Pepsinogen-1 (8003 \[99/12\]; 1:200, AbD Serotec, Kidlington, UK), and H,K-ATPase (1H9; 1:2000, MBL, Nagoya, Japan). Positive staining for pepsinogen-1 or H,K-ATPase in regions accounting for at least 5% of the tumor was defined as significant positive staining. Diaminobenzidine was used as a chromogen.

Among these antibodies, MUC5AC is a marker for gastric foveolar epithelial cells, and MUC6 is a marker for the gastric pyloric glands, gastric mucous neck cells (subsidiary cells), and Brunner's glands in the duodenum. CD10 is a marker for the brush border of intestinal epithelial cells. MUC2 is a marker for goblet cells. Pepsinogen-1 is a marker for gastric chief cells and mucous neck cells. H,K-ATPase is a marker for parietal cells in the stomach.

The grade of atypia of all tumors was estimated in the most highly atypical region and was classified into 3 groups according to the World Health Organization (WHO) 2010 classification \[[@pone.0174985.ref015]\]: low-grade intraepithelial neoplasia (LGIN), high-grade intraepithelial neoplasia (HGIN), and intramucosal carcinoma (IC). LGIN is characterized by the presence of glandular epithelial cells with mild to moderate nuclear atypia, the arrangement of nuclei in the glandular base, and no conspicuous stratified nuclei ([Fig 1A](#pone.0174985.g001){ref-type="fig"}). HGIN is characterized by the presence of severe nuclear atypia, conspicuous mitotic figures, stratified nuclei, and the protrusion of nuclei into the lumen ([Fig 1B](#pone.0174985.g001){ref-type="fig"}). IC is characterized by the presence of remarkable nuclear atypia and polar disturbance, distinct structural atypia such as abnormal branching in tumor glands or the presence of cribriform glands, and lesions invading the stroma of the lamina propria ([Fig 1C and 1D](#pone.0174985.g001){ref-type="fig"}).

![The grade of atypia of gastric tumors according to the World Health Organization (WHO) 2010 classification.\
(A) Low-grade intraepithelial neoplasia (HE staining). The tumor ducts consisted of epithelial cells with mild to moderate nuclear atypia. Stratified nuclei and mitotic figures were inconspicuous. (B) High-grade intraepithelial neoplasia (HE staining). The tumor ducts consisted of epithelial cells with high-grade nuclear atypia associated with stratified nuclei and mitotic figures. (C) Intramucosal carcinoma (HE staining). The formation of irregular branching of small ducts and cribriform ducts was evident, with distinct invasion to the stroma of the lamina propria. (D) Intramucosal carcinoma (HE staining). Tumor cells with severe structural atypia show solid and cord-like proliferation, associated with distinct invasion to the stroma of the lamina propria.](pone.0174985.g001){#pone.0174985.g001}

The histological findings of tumors and the grade of atypia were assessed by three pathologists, who evaluated all of the lesions. For lesions for which the diagnosis differed, the diagnosis made by two of the three pathologists was adopted.

In addition, non-tumor mucosa in the study lesions was also stained with pepsinogen-1 and H,K-ATPase to examine the frequency of fundic glands in the normal mucosa of the duodenum.

Chi-square tests were used to compare the grades of atypia between intestinal-type tumors and gastric-type tumors and the frequencies of differentiation into fundic glands between pyloric-gland tumors and other tumors.

This study was conducted from April 2014 through May 2015. Because this retrospective study used paraffin-embedded specimens of duodenal tumors resected in routine medical treatment, informed written consent was not obtained from the individual patients. We disclosed the information about our protocol, and provided patients with the opportunity to refuse participation in our study. Our study was conducted in accordance with ethical guidelines for medical research in human subjects and was approved by the Ethics Committee of the Jikei University School of Medicine for Biomedical Research, Registration Number: 25--345 (7480).

Results {#sec007}
=======

Patient characteristics and lesion characteristics {#sec008}
--------------------------------------------------

[Table 1](#pone.0174985.t001){ref-type="table"} and [S1 Table](#pone.0174985.s001){ref-type="supplementary-material"} shows the clinical and histopathological characteristics of the patients and lesions in our study. There were 110 tumors from 101 patients. Three patients had multiple (7, 2, or 3) tumors. Among the 110 tumors (101 cases), 5 tumors (5 cases) were resected surgically and 105 tumors (96 cases) were resected endoscopically (90 lesions \[81 cases\] by endoscopic mucosal resection \[EMR\], and 15 lesions \[15 cases\] by endoscopic submucosal dissection \[ESD\]).

10.1371/journal.pone.0174985.t001

###### Clinicopathological characteristics of lesions.

![](pone.0174985.t001){#pone.0174985.t001g}

  ----------------------------------- ------------------ -------------------
  **Number of lesions**                                  110
  **\[Number of patients\]**                             \[101\]
  **Sex**                             Male               76 (75.2%)
  Female                              25 (24.8%)         
  **Median age (range)**                                 65 (34--84) years
  **Median tumor diameter (range)**                      8.0 (1--50) mm
  **Tumor site in duodenum**          1: Superior part   22 (20.0%)
  2: Descending part                  71 (64.5%)         
  3: Horizontal part                  11 (10.0%)         
  4: Ascending part                   6 (5.5%)           
  **Macroscopic appearance**          Protruding         30 (27.3%)
  Flat                                65 (59.1%)         
  Depressed                           15 (13.6%)         
  **Histological atypia**             LGIN               44 (40.0%)
  HGIN                                59 (53.6%)         
  IC                                  7 (6.4%)           
  ----------------------------------- ------------------ -------------------

LGIN: Low-grade intraepithelial neoplasia, HGIN: High-grade intraepithelial neoplasia, IC: Intramucosal carcinoma

As for patient characteristics, there were 76 men (75.2%) and 25 women (24.8%), with a median age of 65 years (range, 34 to 84). The median tumor diameter was 8.0 mm (range, 1 to 50). As for the macroscopic appearance, 30 lesions (27.3%) protruded, 65 (59.1%) were flat, and 15 (13.6%) were depressed. As for the histological atypia, 44 lesions (40.0%) were LGIN, 59 lesions (53.6%) were HGIN, and 7 lesions (6.4%) were IC. The median diameter of 7 lesions diagnosed to be IC was only 8.0 mm (range, 5 to 50).

Classification of duodenal epithelial tumors {#sec009}
--------------------------------------------

Duodenal epithelial tumors were classified into 2 groups according to their mucin phenotype: 98 (89.1%) intestinal-type tumors and 12 (10.9%) gastric-type tumors. Tumors with CD10-positive brush borders of the intestinal epithelium were classified as intestinal-type tumors. MUC2 staining was used to label goblet cells, but the results were difficult to evaluate owing to large differences in the amounts of goblet cells among the intestinal-type tumors. Intestinal-type tumors were subdivided into 2 groups: 91 (82.7%) tubular-type tumors, which had small tubular glands composed of absorptive epithelium, and 7 (6.4%) tubulovillous-type tumors, which had a villous structure composed of absorptive epithelium. On the other hand, tumors that were composed nearly entirely of epithelium with MUC5AC-positive gastric mucin phenotype were classified as gastric-type tumors. Gastric-type tumors were classified into 2 types: 3 (2.7%) foveolar-type tumors, with a phenotype resembling that of the gastric foveolar epithelium, and 9 (8.2%) pyloric gland-type (PG) tumors in the duodenum, with a phenotype resembling that of gastric pyloric glands (Figs [2](#pone.0174985.g002){ref-type="fig"}--[5](#pone.0174985.g005){ref-type="fig"}). [Table 2](#pone.0174985.t002){ref-type="table"} and [S1 Table](#pone.0174985.s001){ref-type="supplementary-material"} show the clinicopathological characteristics of each type of lesion.

![Histologic images of tubular type belonging to intestinal-type.\
(A) A hematoxylin and eosin (HE)-stained image. Many tumors were flat and had a tubular structure. (B) Mucin phenotype of tumor (MUC5AC). Among 91 lesions, scattered MUC5AC-positive cells were seen in 70 lesions (76.9%). (C) Mucin phenotype of tumor (MUC6). Same lesion as that shown above in B. Some tumor cells were positive for MUC6. Positivity for MUC6 was also seen in Brunner's glands. (D) Immunohistochemical findings of tumor (CD10). Most tumor cells, excluding MUC5AC- and MUC6-positive cells, were positive for CD10.](pone.0174985.g002){#pone.0174985.g002}

![Histologic features of tubulovillous type belonging to intestinal-type.\
(A) An HE-stained image, showing intermingling of villous and tubular structures, forming a protruding lesion. (B) Immunohistochemical findings of tumors (CD10), showing that all tumor cells were positive for CD10.](pone.0174985.g003){#pone.0174985.g003}

![Histologic images of foveolar type belonging to gastric-type.\
(A) An HE-stained image, showing a protruding lesion consisting of gastric foveolar epithelial cells. (B) Mucin phenotype of tumor (MUC5AC). All tumor cells were positive for MUC5AC.](pone.0174985.g004){#pone.0174985.g004}

![Histologic characteristics of Pyloric Gland-type (PG) belonging to gastric-type.\
(A) The surface layer of a tumor (HE staining), showing hyperplasia of small atypical ducts and dilated atypical ducts. (B) The surface layer of a tumor (MUC5AC antibody staining), showing the presence of MUC5AC-positive cells in the superficial layer of the tumor. (C) The surface layer of a tumor (MUC6 antibody staining), showing the presence of MUC6-positive cells in a large area, excluding the superficial layer of the tumor. (D) The deep region of a tumor (HE staining), showing hyperplasia of small atypical ducts. A region showing hyperplasia of clear cells with no atypia was found in the deepest part of the tumor. (E) A deep part of a tumor (MUC6 antibody staining), showing the presence of MUC6-positive cells in a large area extending from the atypical ducts to the region of clear-cell hyperplasia. (F) A magnified image of a tumor (HE staining), showing a distinctly protruding lesion. A region of tumor duct and mucous duct hyperplasia was found in the lamina propria. The muscularis mucosa was compressed and pushed down deeply.](pone.0174985.g005){#pone.0174985.g005}

10.1371/journal.pone.0174985.t002

###### Clinicopathological characteristics of tumors according to histologic type.

![](pone.0174985.t002){#pone.0174985.t002g}

                                            Intestinal type   Gastric type                                                                                     
  ---------------------------- ------------ ----------------- ----------------------------------------------- ------------------------------------------------ ---------------
  **Number of lesions**                     91 (82.7%)        7 (6.4%)                                        3 (2.7%)                                         9 (8.2%)
  **Median tumor size(mm)**                 7.5 (1--50)       19.1 (8--50)                                    9.7 (8--12)                                      15.3 (11--28)
  **Location**                 1            14 (15.4%)        2 (28.6%)                                       3 (100%)                                         3 (33.3%)
  2                            62 (68.1%)   4 (57.1%)         0 (0.0%)                                        5 (55.6%)                                        
  3                            9 (9.9%)     1 (14.3%)         0 (0.0%)                                        1 (11.1%)                                        
  4                            6 (5.5%)     0 (0.0%)          0 (0.0%)                                        0 (0.0%)                                         
  **Macroscopic appearance**   Protruding   14 (13.1%)        6 (85.7%)                                       3 (100%)                                         8 (88.9%)
  Flat                         62 (67.4%)   1 (14.3%)         0 (0.0%)                                        1 (11.1%)                                        
  Depressed                    15 (16.9%)   0 (0.0%)          0 (0.0%)                                        0 (0.0%)                                         
  **Histological atypia**      LGIN         40 (44.0%)        4 (57.1%)                                       0 (0.0%)                                         0 (0.0%)
  HGIN                         45 (49.5%)   3 (42.9%)         3 (100%)[\*](#t002fn001){ref-type="table-fn"}   8 (88.9%)[\*](#t002fn001){ref-type="table-fn"}   
  IC                           6 (6.5%)     0 (0.0%)          0 (0.0%)                                        1 (11.1%)[\*](#t002fn001){ref-type="table-fn"}   

\* p\<0.01

LGIN: Low-grade intraepithelial neoplasia, HGIN: High-grade intraepithelial neoplasia, IC: Intramucosal carcinoma

1. Tubular type ([Fig 2](#pone.0174985.g002){ref-type="fig"}) {#sec010}
-------------------------------------------------------------

Histologically, tubular-type tumors in the duodenum were characterized by atypical tubular glands lined by eosinophilic absorptive epithelium. All tumor tubules were positive for CD10. Of these lesions, 70 (76.9%) showed focal intermingling of gastric-type mucin phenotypes positive for MUC5AC and for MUC6.

Ninety-one lesions (82.7%) were tubular type. Many lesions were small and flat, with a median tumor diameter of 7.5 mm (range, 1 to 50) and arose in the second portion of the duodenum. As for the grade of atypia, 40 lesions (44.0%) were LGIN, 45 (49.5%) were HGIN, and 6 (6.5%) were IC.

2. Tubulovillous type ([Fig 3](#pone.0174985.g003){ref-type="fig"}) {#sec011}
-------------------------------------------------------------------

Histologically, tubulovillous-type tumors of the duodenum were characterized by the presence of eosinophilic cytoplasm, similar to tubular tumors, and the proliferation of atypical tubules with conspicuous villous structures. All cases consisted of only CD10-positive cells, with no gastric-type mucin phenotypes.

Seven lesions (6.4%) were tubulovillous type. The median tumor diameter was 19.1 mm (range, 8 to 50). All lesions but 1 were distinctly protruding type. As for the grade of atypia, 4 lesions (57.1%) were LGIN, and 3 (42.9%) were HGIN.

3. Foveolar type ([Fig 4](#pone.0174985.g004){ref-type="fig"}) {#sec012}
--------------------------------------------------------------

Histologically, foveolar-type tumors were characterized by tall columnar cells resembling gastric foveolar epithelium and a tubulovillous structure. All tumors were composed of MUC5AC-positive cells, with few MUC6-positive cells and no intermingling of intestinal-type mucin phenotype.

Three lesions (2.7%) were foveolar type. The median tumor diameter was 9.7 mm (range, 8 to 12), and the lesions were distinctly protruding type. As for the grade of atypia, all lesions were HGIN.

4. Pyloric Gland type (PG) ([Fig 5](#pone.0174985.g005){ref-type="fig"}) {#sec013}
------------------------------------------------------------------------

PG tumors of the duodenum resembled PG tumors of the stomach and distinctly protruded into the intestinal lumen. Histologically, PG tumors were characterized by proliferation of small tubular ducts with severe atypia in the surface layer of the tumor and inverted proliferation towards the muscularis mucosa. Deep in the tumor the proliferation of slightly eosinophilic mucous glands with low-grade atypia could be seen. The surface layer of the tumor was immunohistochemically positive for MUC5AC. Positivity for MUC6 was extensively seen deep in the tumor.

Nine lesions (8.2%) were PG tumors. The median tumor diameter was 15.3 mm (range, 11 to 28). All lesions but 1 were distinctly protruding type. The grade of atypia was HGIN in 8 lesions (88.9%) and IC in 1 lesion (11.1%). All PG tumors had a severe atypical region, and no PG tumors were classified as LGIN.

Comparison of grade of atypia between gastric type and intestinal type {#sec014}
----------------------------------------------------------------------

The tumors were divided into 2 groups according to the grade of atypia. LGIN was defined as low-grade atypia, and HGIN and IC were defined as high-grade, severe atypia. The grade of atypia was then compared between intestinal-type tumors and gastric-type tumors. All 12 gastric-type tumors showed high-grade, severe atypia, and the difference was significant on analysis with a chi-square test (p\<0.01).

Pepsinogen-1 and H,K-ATPase immunohistochemistries of duodenal epithelial tumors and normal mucosa surrounding tumors {#sec015}
---------------------------------------------------------------------------------------------------------------------

The results of pepsinogen-1 and H,K-ATPase immunohistochemistries are listed in [Table 3](#pone.0174985.t003){ref-type="table"} and [S1 Table](#pone.0174985.s001){ref-type="supplementary-material"}. Pepsinogen-1 or H,K-ATPase immunoreactive cells were observed in the relatively low-grade atypical region of tubular glands of gastric-type tumors ([Fig 6](#pone.0174985.g006){ref-type="fig"}). An analysis of the presence or absence of pepsinogen-1 expression and H,K-ATPase expression in PG tumors and other tumors showed that the expression of both antibodies was significantly higher in PG tumors on analysis with a chi-square test (p\<0.01).

10.1371/journal.pone.0174985.t003

###### Immunohistochemical findings of tumors and fundic glands in normal mucosa.

![](pone.0174985.t003){#pone.0174985.t003g}

                                                                                 Intestinal type   Gastric type                                                    
  -------------------------------------- ---------------------------- ---------- ----------------- -------------- ------------------------------------------------ ------------------------------------------------
  **Neoplastic lesions**                 Pepsinogen-1                 \+         0 (0%)            0 (0%)         0 (0%)                                           7 (77.8%)[\*](#t003fn001){ref-type="table-fn"}
  −                                      91 (100%)                    7 (100%)   3 (100%)          2 (22.2%)                                                       
  H,K-ATPase                             \+                           0 (0%)     0 (0%)            1 (33.3%)      7 (77.8%)[\*](#t003fn001){ref-type="table-fn"}   
  −                                      91 (100%)                    7 (100%)   2 (66.7%)         2 (22.2%)                                                       
  **Non-neoplastic lesions (n = 110)**   Pepsinogen-1 or H,K-ATPase              16 (14.5%)                                                                        

\* p\<0.01

![Differentiation of pyloric-gland type to fundic glands.\
(A) HE-stained image, showing proliferation of atypical glands associated with mildly enlarged nuclei. (B) Differentiation into fundic glands (pepsinogen-1). Tumor glands are positive for pepsinogen-1. (C) Differentiation into fundic glands (H,K-ATPase). Similar to pepsinogen-1, H,K-ATPase-positive cells can be seen in tumor glands.](pone.0174985.g006){#pone.0174985.g006}

In 16 (14.5%) of 110 tumors, pepsinogen-1 or H,K-ATPase immunopositive cells were observed in the normal mucosa surrounding the tumors. The frequency was independent of the duodenal tumor type. Positive cells in normal mucosa were seen near the surface layer of Brunner's glands.

Patient prognosis {#sec016}
-----------------

Tumors, regardless of the grade of atypia and mucin phenotypes, were completely resected in all cases, and no cases had recurrence or progression.

Discussion {#sec017}
==========

Characteristics of patients and lesions {#sec018}
---------------------------------------

We therefore analyzed the clinicopathological characteristics of 110 adenomas and intramucosal carcinomas from among duodenal epithelial tumors that were resected surgically or endoscopically. Although epithelial tumors of the small intestine are rare, in recent years, cases resected endoscopically are increasing, and endoscopic techniques for diagnosis are improving \[[@pone.0174985.ref001]--[@pone.0174985.ref003]\]. We studied 110 duodenal epithelial intramucosal tumors resected completely from 101 patients.

Many of the patients were elderly men (76 men, 75.2%). The ratio of male patients was reported to be 63.6% \[[@pone.0174985.ref016]\] and 73.0% \[[@pone.0174985.ref017]\]. And, the most common macroscopic appearance of the tumors was flat type (65 lesions, 59.1%). Overall, 93 lesions (84.5%) arose in the first or second portion of the duodenum. The ratio of duodenal epithelial tumors arising in the proximal duodenum was reported to be 76.3% \[[@pone.0174985.ref014]\], 90.5% \[[@pone.0174985.ref016]\], and 92.6% \[[@pone.0174985.ref018]\]. These results are similar to our findings. However, care should be exercised before concluding that the most common site of duodenal epithelial tumors is the proximal portion of the duodenum, because it is difficult to examine the distal portion of the duodenum by upper gastrointestinal endoscopy \[[@pone.0174985.ref019]\]. In addition, the median tumor diameter was 8.0 mm in our study. However, the median diameter of 7 lesions diagnosed to be IC was only 8.0 mm (range, 5 to 50). In a report, atypia of depressed region of duodenal tumors is considered to be higher \[[@pone.0174985.ref020]\]. Therefore, caution is required because even relatively small tumors can be associated with high-grade atypia.

Classification of duodenal epithelial tumors {#sec019}
--------------------------------------------

In our study, 110 duodenal epithelial tumors were classified into 12 gastric-type tumors (10.9%) and 98 intestinal-type tumors (89.1%). Intestinal-type tumors were accounted for the majority of duodenal epithelial tumors. In the intestinal-type tumors, 44 lesions were LGIN, 48 lesions were HGIN, and 6 lesions were IC. Tubular-type tumors were most common (91 lesions, 82.7%). However, of these lesions, 70 (76.9%) showed focal intermingling of gastric-type mucin phenotypes positive for MUC5AC and for MUC6. During the process of mucosal healing, generative cell zones are formed in Brunner's glands, and participate in gastric foveolar metaplasia and tumorigenesis \[[@pone.0174985.ref011]--[@pone.0174985.ref013],[@pone.0174985.ref021]\]. We considered that this is the reason why many tubular-type tumors had focal gastric mucin. Only 7 lesions (6.4%) were tubulovillous type and had the largest diameter among the lesion types and distinctly protruded.

As for gastric type, all lesions were highly atypical lesions (HGIN or IC) and more lesions arose from the proximal duodenum than intestinal type. Gastric-type tumors developed in association with protrusion, and there is a case report of duodenal obstruction caused by a giant gastric-type tumor \[[@pone.0174985.ref022]\]. Only 3 lesions (2.7%) were foveolar type, distinctly protruded, and were relatively small, with a median diameter of 9.7 mm. All foveolar-type tumors were composed of MUC5AC-positive cells, so they may arise via the same mechanism as tubular type. In our study, however, the mechanism remained unclear.

Pyloric gland-type tumors and fundic glands of the duodenum {#sec020}
-----------------------------------------------------------

PG tumors are well known in the stomach, but arise in the duodenum and gallbladder rarely \[[@pone.0174985.ref011],[@pone.0174985.ref023]--[@pone.0174985.ref027]\]. In our study, 9 lesions (8.2%) were PG tumors. PG tumors showed differentiation into fundic gland cells frequently. We considered that cells capable of differentiating into fundic glands participated in the occurrence of PG tumors.

Among 110 specimens of normal mucosa included with the lesions studied, the presence of fundic glands was confirmed in 16 specimens (14.5%) ([Table 3](#pone.0174985.t003){ref-type="table"}) and the frequency was independent of the duodenal tumor types. Regardless of the duodenal tumor types, fundic glands were present in the normal mucosa at a certain rate. The prevalence has been reported to range from 2% to 20% \[[@pone.0174985.ref028]--[@pone.0174985.ref030]\], which is generally consistent with the frequency in our study. Fundic glands in the duodenum were found near the surface layer of Brunner's glands. In some previous studies, generative cell zones in the Brunner's glands have been reported to arise and generate gastric foveolar metaplasia at the time of mucosal regeneration \[[@pone.0174985.ref011],[@pone.0174985.ref012]\], and 12 of 15 cases of fundic glands in the duodenum were reported to be associated with peptic ulcer \[[@pone.0174985.ref031]\]. Namely, the occurrence of not only gastric foveolar metaplasia but also fundic glands may be associated with mucosal regeneration after inflammation. However, it may be difficult to accurately classify the morphologic characteristics of fundic glands as congenital or acquired in the duodenum.

And then, fundic gland cells were found in 77.8% of PG tumors, and PG tumors included higher proportions of fundic gland cells than other types of tumors ([Table 3](#pone.0174985.t003){ref-type="table"}). Matsubara et al. reported that gastric foveolar metaplasia, fundic glands, and PG tumors in duodenum were associated with *GNAS* mutations \[[@pone.0174985.ref032],[@pone.0174985.ref033]\]. On the basis of these findings and our results, we consider that the cells capable of differentiating into fundic glands might occasionally participate in the development of PG tumors.

PG tumors of the stomach and duodenum have been reported to have similar histologic characteristics and genetic features \[[@pone.0174985.ref033],[@pone.0174985.ref034]\]. Namely, Kushima et al. reported that PG tumors arising in the stomach preferentially occurred in the regions of fundic glands and showed that these tumors differentiated into chief cells and mucous neck cells (auxiliary cells) in 8 of 12 patients \[[@pone.0174985.ref035]\]. In our study, PG tumors of the duodenum were also clearly found to differentiate into fundic glands, similar to PG tumors of the stomach. In molecular biological studies of gastric and duodenal PG tumors, *GNAS* mutations were found frequently, which indicates molecular biological similarities between PG tumors of the stomach and those of the duodenum \[[@pone.0174985.ref033],[@pone.0174985.ref034]\].

As described above, recently, duodenal tumors, especially gastric-type tumors, have attached attention, and accumulation of more cases is important.

Conclusions {#sec021}
===========

Most lesions of duodenal epithelial tumors were classified as intestinal-type tumors. However, 10.9% of the tumors had a gastric-type mucin phenotype characterized by protruding growth and high-grade atypia.

Nine (8.2%) PG tumors of all duodenal tumors showed similarities to PG tumors of the stomach, such as differentiation into fundic glands. PG tumors are considered to arise from cells capable of differentiating into fundic glands by differentiation into pyloric gland-like cells.

Supporting information {#sec022}
======================

###### Clinicopathological, histological and immunohistochemical findings of all tumors.

(XLSX)

###### 

Click here for additional data file.
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